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NEAR WAKE MEASUREMENTS IN THE
PRESENCE OF AN INSTRUMENTATION BOOM"
by
£ o
Robert J, Cresci and Edward M. Schmidt
Polytechnic Institute of Brooklyn, Graduate Center

Farmingdale, New York
SUMMARY

A series .f experimental tests were run to determine the effect on the near
wake flow field of inserting an instrumentation boom in the base region of a sharp
cone. Test data were obtained for a free stream Mach number of 7.7, Reynolds
numbers corresponding ‘o either cecmpletely laminar or fully turbulent flow on the
cone surface, and for a 10° half angle cone with 2 boomn length of one and a half base
diameters.

The data was compared to the clean base configuration and it was found that

the adjacent flow field was disturbed contiderably by the presence of the boom.

The re.earch has been conducted under Contract Nonr 839(38) for PROJECT
DEFENDER, and was made possible by the support of the Advanced Research
Projects Agency under Order No. 529 through the Office of Naval Research,

%

Professor of Aerospace Engineering and Assistant Director of Gas Dynamics
Research.
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SECTION 1

INTRODUCTION

In order to obtain some near wake measurements on a conical body during
a re-entry flight trajectory, it has been proposed to extend an instrumentati '\n boom
out of the base of the vehicle. This boom would support survey rakes and also
contain instruments and optical equipment for obtaining direct measurements of the
adjacent flow field, One of the difficulties associated with the interpretation of such
data is the determination of whether the presence of the boom has altered the local
flow conditions to be measured. This effect, if prese~t, cian invalidate the results
of the entire flight test program. As a result, it is extremely important to establish
the presence and extent of disturbance to the near wake flow field before the flight
test program is initiated.

It is the purpose of the present report, therefore, to test the desired con-
{dguration (a skarp, 10© half angle cone) in a wind tunnel both for the ''clean base'
condition and with the instrumentation boom installed, Comparison of the two sets of
data will indicate the extent of alteration of the flow field in the near wake, In
addition, surface pressures and heat transfer rates on the boom wil’ be insasured
for utilization in the structural design of the boom. The Mach 8 blcwdown tunnel
of the Polytechnic Institute of Brooklyn Aerospace Laboratory was chosen {or the
test series since the Reynolds number variation in this tunnel will produce a surface
boundary layer on the model which is either completely laminar or fully turbulent at
the shoulder (cf. reference 1). The desired flight trajectery includes both of these
conditions.

Reference (2) presents the results of a similar study at a higher free stream
Mach number; the free stream Reynolds number of these tests was similar to the

laminar flow case for thz present tests. Local density and temperature profiles were




meas.red therein using electron beam techniques while in the PIB tests, pitot
pressures, static pressures, and total temperatures were obtained. From the
presernt data, the local Mach number d:e*ibution can be obtained and comparison

of local static conditions (e.g. density and temperature) between the two sets of data

is thus possible.

'n the following sections, the details of the model configuration, test conditions,

and experimental results are described. Following this, suggzstions for instrumenta-

tion locations are given based on the test results.
The authors are pleased to ackrowledge the assistance of the staff of the
Hypersonic Facility in obtaining the data and also of Professor M. H. Bloom for his

discussions and suggestions concerning this program.

SECTION I1

MODEL DESIGN AND TEST CONFIGURATION

Photographs of the test model are presented in figure (1) with the base boom
installed; figure (2) shows a schematic of the model installation in the tunnel. The
model consists of a 10° half angle cone with a snarp tip and a base diameter of eight
inches. The boom is circular in cross section with a diameter of one tenth of the
model base and a length of one and a half base diameters., The model is supported
in the tunnel by wires which can be observed in figure (1). The effect of the suppori
wires on the wake flow field has been shown to be negligible for ths wire diameters
and test conditions reportel here, cf. references (2) through (5). Various con-
figurations were tested; these include (i) the boom without instrumentation arms,

(i1) the boom with wedge £ha»ed (100 total included angle) arms and, (iii) the boorn
with cylindrical (d=1.5% D) arms. The instrumentation arms were extended to 3.5

inches from the centerline for both of the cross sectional configurations.
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Probes were ' sed to measure the flow field conditions in two difference planes;
these correspond to the plane of the instrumentation arms (as seen ir figure 1) and in
a plane 45° from the arms. In the latter condition, the flow measuremeats were
obtained by externally supported probes rather than by probes supported from the
instrumentation arms. The data thus obtained indicates no difference between the two
angular locations so that no distinction is made in the data plots.

The probes utilized in this investigation measure the static and piatot pressures
and the stagnation temperatures of the flow. The static pressure probes are ogive
tipped cylinders with six orifices drilled around the periphery of the cylinder roughly
ten diameters downstream of the tip. These probes will not be 100 accurzte where
the flow inclination is large or where the local Mach number is large (due to viscous-
inviscid interacticn). For the present test conditions, however, these probes are
found to be reasonably accurate since the flow inclination is quite small and the Mach
nuinbers in the near wake are in the low supersonic regime. The pitot probes are of
standard design while the stagnatior temperaiure probes are open - tip, bare wire
thermocouples stretched across two support struts, Th-ese probes can be s~en in
figure (1) on the right hand instrumentation arm. In addition to the flow field measure-
ms-nts, base pressures and boom surface pressures were obtained for various axial
iocatiocns of the flow field probes, These data yield some information on the possible
disturbance to the flow field caused by the probes; this is discussed in more detail in
the -uiowing section.

Static pressures were measured by Hasting's type DV -13 thermocouple
gauges while the pitot pressures were measured with both variable reluctance type
and strain gauge transducers. All data were recorded on strip chart recorders,

The tests were run at an average stagnation temperature of 1900°R and a con-

stant wall 10 stagnation temperature ratio (Tw/Ts ) of 0. 29, The test Reynolds
oo




numbers were 0, 22 x 106 and 1, 10 x 106 based on free stream conditions and the
model base diameter. The actual test Mach number was 7.7 for the particular wind

tunnel and Keynolds »umber range utilized in the present test series. -

SECTION 111

PRESENTATION OF RESULTS

The test data are presented in figures (3) through (8) for various model
configurations, axial locations, and tust Reynolds numbers. As shown in reference
{1), the boundary layer at the cone shoulder is laminar for the lower Reynolds
number and fully turbulent for the high Reynolds number te: 3. The data presented
herein, therefore, will be referred to as "lam:aar’’ or ''turbulent” corresponding
to the condition of the surface boundary layer at the saoulder.

Figure (3) presents the static pressure distributicn along the boom surface
for various configurations. Several significant features can be observed from this
data; first, it can be seen that there is no influence of the shape of the instrumentation
arms or even the presence of the arms on the hoom su-face pressure for either the
laminar or turbule't coidition. The location of the probes used to obtain the profiles
of temperature, pressure etc. was also varied while the boom surfac ' pressure was
being obtained. For the data fo1r probe locations of x £0.75, the surface pressure
distribution on the boom was slightly altered; thus, the profiles obtained at these
locations were discarded since it wasr't clear whether the entire recirculation region
was 1ffected by the presence of the measuring probes.

The comparison between the boom surface pressure data ard the centerline
static pressure without ihe base boom is not as conclueive since the clean base data

were obtained from reference (1) and were not available for values of x less than 1. 0.
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The few data points available for comparison, howeve:, do seem to agree with the
boom surface pressure data except at x=1. 5. At this location, the presence of the
boom seems to decrease the local static pressure; this effect is more severe for the
turbulent flow condition. The base pressure appears to be relatively unaffected by
the presence of the boom.

Figure (4) presents the local heat transfer rate to the boom surface. For
reference, the local values on the conical surface at the shoulder are also given.

For the .urbulent cone surface boundary layer, the heat trans”»r c¢n the boom surface
is considerably higher than for the laminar condition. In either cas2, however, the
maximum heat transfer rate to the boom surface is less ‘l.an that occuring on the
cone surfacz at the particular test Reynolcs number.

The measured stacnation temperatures, anormalized with respzct to the free
stream value, are presented in figure (5) where radial profiles are plotted for
different axial distances downstream of the model base. In all the following figures,
the same symtbols :-re utilized, the open ones indicating the clean base configuration,
and the solid symbols indicating the data taken in the presence of the base boom,
Again, there wezs no detectable difference in the profiles obtained with the boom alone
or the boom with either the wedge or tubular instrumen.>t*ion arms., Both the laminar
and turbulent flow conditions are included in each figure. The major effects of the
base boom appear to be in close proximity to the boom surface; the total temperature
there approaches the boom surface temperature while in the tests without the buom,
the local stagnation temperature is higher due to the free mixing along .he flow
centerline, )or the turbulent flow condition there appears to be little aiscernible
difference in the remaining portion of the profiles; for the laminar flow, however,
the presence of the boom seems to decrease the overall temperature level somewhat,

Figure (6) presents the pitot pressure profiles obtained with ti.e instrumenta-




tion boom aloue and in the presence of the various probe arms; also included in these
plots are the clean base datz of reference (i) for cornparison. The bands of data
shown include the various boom configurations, but since there was no consistent
observable trend for the different arms, no distinction is made in the presentation

of the data. At x =1.0 there appears t« be little difference in the data with and without
the boom; for x=1.25, the laminar data shows an increase in local pitot pressure away
from the boom surface due to the presence of the boom. At one and a half base di-
ameters down stre.m, there is seen to be a considerable disturbance created by the
boom out as far as the base radius of the cone for the laminar condition. A similar
trend is observed for the turbulant case; however, tl:e disturbance is not nearly as
large. The corresponding static pressures, normalized with respect to free stream
static pressure,are shown in figure (7) for the three axial locations. Here it is
observed that within the experimental accuracy there is little effect of the boom

and instrumentation arms for x=1,0 and 1. 25. For the location 1. 5 diameters down-
stream, the only influence of the boom appears to be in close proximity to the boom
surface and the turbulent flow condition seems to be more severely affected. This
effect is in contradistinction to both the total temperature data and the pitot pressure
data obtained at this location,

From the pitot and statlic pressure data, the local Mach number distribution
has been obtained and the resulting static temperature distribution then ccmputed
using the total temperature measurements. These profiles are presented in figure
(8). A comparison with the clean base configuration data indicates a significant
disturbance to the local static temperature field in the presence of the instrumentation
boom. The disturbance is also seen to extend out practically to the cone radius and

is present in both the laminar and turbulent flow conditic-s.
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SECTION IV

CONCLUDING REMARKS

The experimental data involving flow field ineasurements in the near wake
of a sharp 10° half angle cone with an instrumentation boom have been compared
to previously obtained data without the boorn and lead to several conclusions
concerning the utilization of such a boom in fre. flight measurements. These are
summarized briefly below,

(1) The static pressure field a, pears to be relatively unaffected by the pre-
sence of the boom except in close proximity to the boom surface.

() Pitot pressure profiles obtained with the boom are altered somewhat with
respect to the clean base configuration. This effect is more significant in the laminar
than in the turbulent data and becomes more severe as one progresses downstream.
Since the static pressures are roughly the same, the Mach number distributions are
altered esignificantly.

(3) Although there is an observable but small, change in the stagnation
temperature profiles, the alteration of local Mach number caused by the boom has
an even greater effect on the local static temperatures. Since this is one of the
primary observables of interest in a free flight experiment, it appears that the pre-
sent bocm configuration would not be too useful in this respect; only outside of a
region roughly 80% of the base radius does the flow (in terms of pressure, tempera-
ture, velocity, etc.) appear to be unaffected by the boom and instrurnentation arms.

The particular design of the instrumenation arms appears to have no influence
on the flow field, however, the boorn configuration was found to have a considerable
effect. This effect may change with Mach nwnber so additional tests at higher Mach
numbers are desirable. In addition, an asymmetric boom location may alleviate some
of the disturbance since it would not impinge on the rear stagnation point in the

recirculating flow.

.
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FIG. (1)

PHOTOGRAPHS OF TEST MODEL

9




— - AT e i
o T T T s M 00 0t e oo i

NOILVHNOIINOD 1S3L1 (2) 9Ol

S s s T s s s

L — /
| 1

w9

SWSV

NOILVANIWNYLSNI
ancmn_ 34N1VvY3dN3lL
~J
= M WOoo8
° [ ° ° L)

<OI]> -
M (-]

Lgayy oiLvis -

/ 0'8:="W

S3804d 10lid

S3HIM  1HO0ddNS

TIvM 13NNNL N

\\\\\\\\\\\\\\\\\.



30v44NS

WOO8 NO NOILNGIY1SIA 3YNSSIdd

ALVLS (¢) ‘o4

asx
G G2l Ol GL 0O 1*N0) G20 0]
| e
Y
¢ |
1 s
Y wmo.o
[
A
v
o |
®__ . ol
W ” oro 8
x
Y 7 3
(7]
v |
cIo
SWHY dvInant
40 3903M HUM NOO08g v @ -02°0
AINO WOO08 A L
WNOOd 3Svd ON v O
ANIINGHNL HYNIWVYT

1 A AL 18 £ asana

11



14l

A i i i il it e e il gibul it i L it Sy RO

Ll Ly i 1:133583«»%%

30V4HNS WOO08 OL NOILNGINMLISIA Y3JISNVHL 1v3H (v) 9l

(4L

o'l

80 90 0 20

(905 14/n18 8£2="b) IN3 INGYNL 7

(995,1/018 2£5'=™b) HYNINVI O

¢0

v0

90

80

ol

12

.umwm.- } _ 3U




o'l

80

171

90 vo 2o o

. | |

v
v _ 30V-4HNS
nOoo8 -

NOO8

NOILVINIWNNYLSNI ¥ -
3sva Nv3T1O V

s,

ol

Ol1= X (0)

S3T71408d  3YNIVH3AN3L  NOILVNOVLIS (G) 9Id
(0 4]
51751
80 90 H0 20 0
| 0
o
° To&m:w
o Woo8 {10
o
°
20
o
°
°
5 €0
LY
0
°
S0
WoOo8g
o NOILVLNIWNNYLSNI @190
3sve Nv31D O
50l X 2z0- @3y

g0l X Ol'l=

i

2 N..O

13




ol

WOO08 -

Wood
NOLLVANIWNYLSNI ¥
3svd Nv310 V

a
Ol xort= %y

o ..liaz.aigﬁza_:%&ﬂeﬁa_séaaaz_z _5:._33‘33?5:3.5:31553_..5..‘:?:..:..E:a._a.

gzl= X (Q)
S3408d 3HNIVHI4ANIEL  NOLWYNOVLS  (G)'9ld
Ps1,81
o1 80 90 20 0
_ 0
o
® Nmuﬁmsm
WOOog {10
ol
L 4
20
oo
5 €0
PP
v 0
PP
o S0
Woo8
NOILVLNIWNHISNI ®4 90
3sva N3O
O % mm.o"m 3y

L0

14

[}




S3IN40YA
Q
VA
o1 720 90 0 20 0
1
g |
—
Nuos_m:m
WOood -
v
v
2}
v
v
v
Noog
v, NOILVANIWNYLSNI ¥ -
3svg NvIID V
a
Ol x Orl= ®3y
L 1

gl= X (9)

JHAIVHIAWEL  NOIWNOVAS  (G) Old
(e 4]
WA
ol 80 90 $0 20 0
o _ ©
o 30V-NNS
=7 Woo8 {1'0
O
20
0
®
€0
®
0 0
®
0 S0
woos
NOILVANIWNYISNI @190
3sva Nv3I1D O
¢ Qo
o0l X 22°0= 9y

20

1S

15




PR 1 et W i it T e B T T e

¢Ol X

®g Nu

"

d/ d

ettt G e RUG C  Lti E EE

001= X (0)

WOOo8

NOILVLANIWNYLSNI V¥
3Sv8 Nv3ID V

40! X or=Joay

S3N408d 38NSS3Hd 101d  (9) 914
Qm -
OIX d/ d
v € e | Oo
10
o)
b .
ERLZIAN s_oom!H o |'°
| o
o,
20
e
€0
00
¥0
- o)
_
S0
o)
Woosg .
NOILVANIWNYLSNI @ |90
3syg Nv3ID O
Jwa
X =
o0l X 220 Y 0

—

§

16




Ol X

d/ d

WOO08

NOILVLNIWNYLSNI
3Sv8 Nv3I1

a
JOl X or= o2

‘I
v

Y

Gz1= X (4)

S37104d 3IHNSS3IHd  101id  (9) 9I4
gm N«
Ol x d7 d
S v g 2 i 0
00
/] <
_ oo
30v4HNS WCO s |'©
20
oo [°
— €0
o—o ©
P 0
eaC
+10)
o
NOO8
NOILYLNIWNYLSNI @ 190
3sve &m._uo
. Ca
Ol x 220= ¥
2 20

(123

17




o .%i%géggga%zﬁi %33&?&3_ !

(Ol X

®s N~
d/ d

vV

S271308d  3¥NSS3¥d  10lid

.é.z__aw_%za_ma:a%_z%iz«an_ggﬂ -

0g1= X (9)
(9) 9l

Hwuns Wooa—

v

v

v
NOO8

NOLLVANIWNHLSNI ¥ -
3Sv8 Nv3ITO Vv

a
JOl X Ol'l=" P2y

WOoOoS8
NOLVLNIAWNYLSNI @

3Svg Nv3I1 O
Cowa

I'o

20

£0

140

S'C

20

Ol X 220= %

20

{5

18




L0

0

80

20

—V

NOILVANIWNMLSNI V¥

Woo8

aSve NvIV V

40! X Ol'l=

a
®3,,

ol

00’1= X (°)

S3UJ0¥d 3MUNSSAHdS  JUvLS (2) 9id
®
d/ d
80 90 0 20 o]
1 | 0
—@ | _
¢ L 2DV4HNS WOO08

1'0
o ®® -0
®
€0
o®
0
_ S0
woos | _
NOLLVANIWNHLSNI ® {90
asvd Nva0 O
08
e 9
o0l X220= °¥ |

([

19




it

= —————— LR St R L B T

G2l= X (q)
S3U4084d 3WNSSIAHd  DIIviS (2) Ol4
T/ 4 % 4
80 90 0 20 o) ol 80 90 0 20 o)
_ B o)
v-—>-—— 0|0||||.ﬂ|
v o-e 30V4HNS WOOS8 o
\ v 4 T
20
v 90
B €0
/i oee
0
Iv o_fo
S0
v
woos Woos .
NOILVANIWNHISNI ¥ NOLLVAN3WNYLSNI @ 190
v 3sv8 Nv3I V o ISvae Nv3I1 O
. 090 . 08
JOI X Orn= oY 50l X 22°0= Y o

153

TIRTHSHATIIERHIT I NI

20




80

90

vo 20 o

d

v
v

WOoO8

NOLVANIWNSLSNI ¥ 1
3sve NvITD V

$Ol X Orl uoeom

0]

0s1= X (9)
S3T408d HNSS3Ud  DIVLS (L) 914

%Y
8'0 90 0 20 0
o 0
|
00..0 - J0V4HNS WO08 o
*—o
< 20
' ¥ Yo
€0
e
$0
S0
woosg .
NOLLVINIWNYLSNI @ 1970
! 3Svg Nv31D O
U0
Ol X 220= °4
| 2 L0

(1

21




T ek et o Sl ittt L i G T e

S0

001= X (P)
S3TN40¥d 3IHNLVEIAWNIL 2IvLS  (8) 9ld
P11 s /1
0 €0 20 1o 0 S0 0 €0 20 o 0
| | °
-, (o) _
v oo _ o
30V44NS WOO08
v
PO
-—w

20

v Cp—-@

v
€0
V e O ‘oo
0
Vv -9
_ | 450
woosg Woosg
NOILVLNIWNYLSNI W NOILVLNIWNHLSNI ® g0
3Isva NVID V asvg Nv31D O
aQ
i 40l X Ol1= "%y L0l x 220- "%y

L0

A bt iattmss st saa st s s

1S

22




S0

WOoo8

G2'l1= X (9

S37M408d  3"HNIVH3IdWNIL  DlLvis (8) 914
s /1
S0  +0 €p 20 I'0 oo
1°0
5 30wuns Wooe
*—&
20
o)
€0
L J
$0
oe®
G0
w008
NOLLVANIWNYLISNI @ 490

NOLVINIWNY LSNI V¥
3Sv8 Nv3I1D V

Qs

J01 X ol'=" P2y

3sv8 Nv3I1D O

Qs

Ol X 220= Py

L0

|

23




b it Tl T - e T O T T U et T Y

oG1= X (92)
S371408d 3UNIVHI4WEAL  DuLviIS (8) 94
Qm.r\.r Qm._.\._.
Y0 €0 20 o 0] GO v0 €0 PAS) 10 o»
vv *—e\ | W,.o
) il
3DV4HNS WOO08
v (o)

—_ 20

IQ © | 2
€0

V vw O s 4 A
v0
vV vw 0_|0
GO
woos woosg
NOILVINIWNELSNI W NOLLVANIWNHULSNI ® 190
3Svd NvIDV 3svg Nv31D O
a

L0l x 011=1%2y o0l X 220= Py o




Unclassified
Secarity Clsssification

DOCUMENT CANTROL DATA-R&D

Security classilication of titlo, bods ol abxtrart and inchewing winototion mest he entercd when the oversl] report is clasailiod)
28, HEPORT SECURITY CLASSIFICATION

ORIGINATING ACTIVITY (Corparuta ruthot)

Polytechnic Institute of Brooklyn Unclassified

Dept. of Aerospace Engrg. ard Applied Mechanica [ evou”

Route 110, Farmingdale. New York 11735
3. YEPORT TITLE

NEAR WAKE MEASUREMENTS IN THE PRESENCE OF AN NSTRUMENTATION

BOOM

4. OESCRIPTIVE NOTES (Type of report and inclusive datea)
esearch Report

. AUTHORIS) (Firet name, middio liitial, laal nomo)

Robert J. Cresci and Edward M. Schmidt

8. REPORT DATE 70, TOTAL NO OF PAGES Th. NO OF ®i(i.f%
November 1967 24 5

88, CONTRACT OR GRANT NO Du, OHIGINATOR'S HELONT NUMMNT HIS)

Nonr 839(38)

b. PROJEC T NO. PIBAL REPORT NO. 1034
ARPA Order No. 529

c. b, OTHER REPBORT MOLIS) (Any wther numbers thaf mav he s sipmed

this repart)
d.

10 OISTRIBUTION STATEMENT
Distribution of this document is unlimited.

11. SUPPLEMENTARY NOTES 12 SPONSORING MILITANY ACTIVITY

Office of Naval Research
Department of the Navy
Washington, D.C,

13 ABSTHACTY

A series of experimental tests were run to determine the effect on the near
wake flow field of inserting an instrumentation boom in the base region of a sharp
cone, Test data were obtained for a free stream Mach number oi 7. 7, Reynolds
numbers corresponding to _either completely laminar or fully turbulent flow on the
cone surface, and for a 10 half angle cone with a boom length of one and a half
vase diameters.

The data was compared to the clean base coafiguration and it was found
that the adjacent flow field was disturbed considerably by the presence of the boom,

DD "2 .1473

Securiy Clasoagin ation




Ui. tassified

Security Claasificution

14. LINK A LiINK B Linxk €
KEY WORDS
ROLE wT ROLE wTt HOL F wWT
Wake Measurements
Hypersonic Flow
Separated Flow
Unclassified

Secunsty Classification




